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Investigations of the theraostability of the virus of lymp.....
chorioz.-enin-iti s.

by F. Lehm.,nn-Grube.

,rchiv f. d. Gas", ae Virusforschung, 9: 5"-3 (19549)..

Introduction*

.•.tteiots to establish titers ani titer progressions of neitr*ýUv.isi
antibod es in hunpan serd after infection with the viru of .ymphocytic
choriomeningitis (LCi) in tests vith mice led to initial•contradictory
results, necessitating an iiprover"aent of this method. ,dithin ,the frame-
work of these endew-ors, the stability of virus suspensions had to be
testad unmer all conCitions of subsequently planned experiments.

Method.

.epeited attempts to induce a cytopathogenic effect in tissue
cultur.e with LU,! virus have failed also in the laboratory of the Cologne
University I' erve Clinic. W-e were forced to resort to the mouse as a
system of evaluating our tests.

0 Virus: .e utilized strain 13 which had been sent to us in 1952 br
D Dr. K.F. ,.ieyer, San Francisco, Calif. The virus has since undergone 50
guinea pig ptssages by subcutaneous inoculation and was,adapted to the
mouse -rior to the cor•ncement of testing by intracerebral transmission.
"-vWe used the material of the 8th to the 14th mouse-to-mouse pas"4e.-

The strAin suspensions were prepared as follows: 30-40 zice reoeive+

0.04 ml (later 0.03 ml) of a 1i mouse brain suspension, intracorebral3ly ....
(i.c.). Tlie brains of animals dying on the 6th day were stored at -70o G.
All remaining mice were sacrificed by bleed-ng on the 7th day - if they
hAd not succumbed sooner -, the brains were extracted aseptic-Ally and
also stored at -700 C. The mnteri~l usually was treated on the same day#
at times a few Q.Ays later. '

Upon adCi tvion of 100 units of penicillin and 20 r streptomycin e
ml of p.-red ucnz+on, the organ material was reduce# in sise to a
10;ý or 20,4 ssponsion veth physioloelcal saline or with inactivated
rabbit ;urum in the homogeinizer (Fa. Zuehler)(abouý 5 min.). ifter
centr•iS4tiort -- first 10 nin. at 2,a00?- later twice 10 min. at
5,000 .0,, in a cuotoux-y laboratory centrifuge - the supernatant was
placed in ampullae in quantities of 1-2 -,l and stored at -70 0 0. All
steps followed eadh other in rapid succession. G16s dquipmnnt and
solutions were pro-cooled.

Sera: Control sera came from healthy inividu&Is whose anamneses
0 presented no suspicion of a previously overcome LCK InfectAon. A lWrOe
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amount of blr~od taken from the arm vein was exposed to room twperature
f.or0about 2 ours and then-centrifuged. Subsequently the serum w4"PU0.4ed in ampullae in lots of 1,0. ml without ftarther treatment and stored
"&t, m0C ••"The reqoired amount was defrosted just prior to use and,uraasa rotherwise indicated, L-"ctivated at 5 6u0 for 30 minutes.

obtainedi the raice aro a m~ajor breeder in Hamburg wihose animals.had pruved reliable for al.ost 10 years. There were neve -ny indications
of 1414 such as experiencea by B. CEraub (1939). However, an increase inoflo2-specitio deaths a&.nS the controls was notedA In "a couroe o,, the

P; - ; investigation. lUthcugh significant ditensions were not reached - in a"major- test in which 180 control mice were inocul;4ted intracerebral.ly
S .th nof-t mouse brain suspelision, only 8 died between the 6th and 25thday -, we investigated the cause, which is first sought in bacterial

*infections. In this connection we isolated ectromelia virus. Later itbecime impossible to establish the time at which the mouse colony had beeninfected. A repetition of the entire previously conducted woark did notseem-justified. However, all tests requiring a greater precision wererepeated with unobjectionable arnals (M). The titers were in some casesmore easily reproduced, at a comparison of Table 1 and Table 2 will ahow.Otherwise the results were principally unchanged.

The wesihts of the mice within the individual shipments were highlyuniform. Thus, an average weight of 11.9 g with a standard deviation ofonly 1-, g was fbound among 100 nice received on 27 Feb. 56. The averageweizhts revealed only Amall fbactuations from one shipment to the other.They lay between l, and 14g As-a rale, the anmals were utilized a few
days after their arrival.

Measurement of effectiveness (activity): Departing from 10% brainsuspensions, series with the factor 10 (a 1 log1 0 ) were prepazed withdifferent dilution agents. Initially we used 4 or 6 mice per dilution.Later 6 or more anizuls were inoculated. We dispensid 0.04 ml intra-.cerebrally according to X. Traub's method. It was discovered, however,that the mice tolerzte 0.03 ml more easily, causing us to use the smaller
dose exclusively in later runs. LD50 was computed by the method ofB. Behrens (1929) and L.J. Aeed and H. Musnch (1938). In accordance withthe literature and our own exneriences, we included in our computations
all animals that had cAed between the 6th an the 25th day.

* In order to reduce the method's error, we endeavored to bracket
LDSo symietrically from both si:•es (141. Pidi - 1950).

Penicillin (100 uni s/l M)and streptonycin (20T/i Mi) were added
to all diluting agents.

Results.
Evat extended storage of the vinas suspension at -70 0 C does not0inflence the titer noticeably, as shom by Tables i a'.i 2. A systemazc

drop in LSt50 undoubtedly does not exist. Table 3 reveals the loss of
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activity, of* e a ;our rr.iin susoension'prepared with physiolo••i•al saline
ana ex.oosed zo 1'rcezer teaoneraturos. .- distinct drop is noted only . i ,9g
wore than 2c hours. Table 4 contains parallel. anal3yses of &n
suspension (colixrins 4 and c ) in comparison to A saspension pr 0
pure, inactivateJ rubiit serum in place of physiological salineL" ..
accorc•,ince with a ;iethoc to be described later, titrationWm 4'j
with n..ysi rical s&Jine 1 §1 inactivated rabbit serum. No- drop, )
actit•r. is indic-tea in either case even after 50 hours. The coWt aas
are siiiaijr i-•hen tc ailuted series instead of the concentrated. aSsavona
was aubjectea to tne sm* treatment prior to inoculation. 3epeat4e46-
perimesits tested the offect Of freezer temperatures on a brain m.SSW :i~s
diluted vith physiol. saline. Table 5 shows that the loss in actiAvIW
was sixill. .ilthouah an important inactiva*ton during preparations
leadin,- to inucu!.,tion with physiol. saline was not indicated after the"e
tests, we nevertheless 'cLecided not to 'wrk with physiol. saline in the
future, but to use a liquid 'which promised sufficiently stabilizing
properties.

Table 6 contains the results of a test series which established the
effiXct of different diluting fluids on virus activity at a tempetuture
of `2°, partly in par allel tests (cf. the dates). It is noticeable that
saline / i10; rabbit serum, phosphate buffer end phosphate buffer L 1%0
rabbi; seram are equally stabilizing.s Physiological saline alone Caases
a distinct aecrease in virus activity after 50 hours. iMoreover, the
initial titers were lower; an observation that was made repeatedly in the
course of the investigation.

Finally, tests were nade to determine whether the starting suspension
preepred with pure, inactivated rabbit serum would show deviati:=s after
dilution with I0% rabbit serum. A glance at Table 7 reveals that here
arin there was no uniform attenuation after 50 hours.

The effect of the incubation temperature of 370 C seemed to be
significant particularly for the choice of incubation time. Sarlier
tests with the method described above had indicated that the drop in titer
was very low even after 6 hours in the presence of an inactivated 0nt1ol
serum. The results of the following test (see Table 8) confirm thes
observations. The starting suspension consisted of a mouse brain maspension

ý,,-uced -*dith pure, inactivated rabbit serum. Dilution was accomplish
,4;-1, 10,. r.bbit serum an& - for comparison - with pure physiol. saline.

ha ulti:iuta concentration was obtained bV the addition of .L hman
control serum, 2. 10A rabbit krum and 3. physiol. sane in equal par,8,
It is clear that in the presence of serum the temperature of 37C does not
cause an apprecable titer drop even after 6 hours. The fact ttat the

-matter is dif'erent, in the case of saline is not sumrrising. It is note-
worthy, however, tiat here ag~in the initial value of the non-eous
"mixture is rel.tively low without the influence of teapeature.

Discussion.

QIn 6rQer to improve the anarl.4oal mathods for neutralizing seom
antibodies against the virus of lymphoartic choriomeAngitisp it semse
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Indicated to test. the stabilUtY of the virus extensively under aifferent
idiumstancesi it may be c.-vZ•r+ from the test results disclosed here

~ 'tht the ~C~virus is considerably more labile than, for instance, the
plifo' typ*53"J.S. Youngers 1957) or' the =0I viruses (F. Lrnh.&nn-irubex

398). Our oraLcti cal investigations reveals however, that temperare
-Wiavoidably ind~uceu, in the course of preliminary steps le-4dina to inocula-
tion are not i*6nrtant. Our observations therefore do not azeree uith

- - ~those o1.~ iter author3 wto rwoorted considerable titer losses under
identical coon.d.tions, as, for instance, J.T. Neyl and others (1948).

-hyn~e acn ru~ble loss of activitt- after 60 nl'nutds in the ice
Vrater bath. uwnthewr questi~on seeks to establish whether the use of
uxdibffereci saline niJ.~t msot exert a disturbing influence - perhaps by
shifts in pH - directly and independently of time. Z~epeatedly reported
observazions made in parallel tests to the effect that vi'tis suspensions
&ntaining serum yield oorsiuirably hidier titers than those without
serum'(see It~bles9 7 and 8)', speak for a prejudi cial inf luence .of un-
ibafferea saline.

W~e were forced thereby to~ work with a more stable syst.em. B~ased on
tho f'requently used standýi.-d wethod of the U.S. Army, described by
J.S. S1.n. and Q..T. Uentzkow (1944)s we chose for our additional tests
a dilution flidd cqxposed of physiological salind' 1L lO rabbit seram in-
activated for 30 minutes at 6o00. The same reasons prmapted us to adopt
a Method descrbed there for the prepration of virus suspensions in pure
inactivated rubbit sceom. This asure also improved the affect of
QVntrifindation. The sediment vas solidly pas~ked and the supernatant could
be wi irama easily, an action that was possible only with losses in the
case of phyuiol. saline. L large number of s.ra.was used in the course

* +of further teats for the production of brain suspensions and dilution
series. More were never any indications of vitucidal properties of in-
activateod rabbit s pra e

The stability of ns. virus was tested tuier corAitions that seemd
serunijice=t for the future cievelojint of a uiathod of neutranization.
ineither 10,4 nou~s, bnuin suspensions nor dilution series made with various
liides &howered a porewort.hv t4tor loss iafter 24 hours at frseser teperon-
tures. e Are ue rr -this intervalt oline was Aistinotly inferior to
other diution addition of 10 rabbit se'um, phosphate b b ffer
vdth or O;aof serum. Tse reovir, o the titers were usully
lower, ýihin dilutions Iwrne de vth "alpine. Let 370 0 a titer drop w e
evident olrewkd after a few hours# it this dilution agent We used-
Horse too the stabolity was ctonsideay iprosved by a nditre of seru M

Footnote on p.2: We ar indebted to PsoMu
adc* free of, etrcaaelia

1 0 + -u ws ese une9o~l~n htsee
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Table 1. Inhluence of otor.-e at -700C on a brain suspension prepared
with rhn•io'oic"•l sa"inc. Average log L050: -5.4.

Date of itorage Lumber of animals Log Deviation ft'a
inoculation ut -700 per dilution LD5t the avenge

18 .*pr 56 29 days 4 -5.5 /0.06
3 i!y 56 44 days 6 -5.24 -0.20

16 Jul 56 116 da-s 6 -5.53 /0.09
5 Sep 56 169 da-is 6 -6.37 10.93
5Sap 56 169 da; s 4 -6.03 P0.59

21 Dec 56 276 d"'s 4 -4.53
15 Jan 57 301 d..,s 4 -4.96 -0.48
19 Feb 57 336 days 6 -5.31 -0.13

T.ble 2. Influence of storage at -70 0 C on a brain suspension prepared
with 10% rabbit serum. vertge log LD5o: -6.28.

11 Feb 58 0 days 6 -6.40 ,0.12
4 ýIar 58 21 days 6 -6.00 -0.28
9 ,pr 58 57 days 6 -6.40 P0.12

22 A•r 5 8 70 days 7 -6.19 -0.09
12 :,,58 90 days 6 -6.39 to.l

Table 3. Influence of a temp. of ,'20 C on an undiluted mouse brain
susncnsion emulsified with physiological NaCl. Titrated with 34ine.6 nice per dilution. 0.04 ml i.c.

Time in hours 1GL5

*-5.12 *
20 -4.72

-3.0
72 -3.0
96 -2.24

120 -1.64
168 < -1.0
192 < -1.0

Ta2'o 04. Influence of freezer temperatures on 2 different muse brAAin
sus:,onsions. Two Anaiyses. 1itrateu with physeol. saline S R habbit
serum. 4 animals per dilution. 0.04 ml i.e.

Tim= in hours Suspenson v4th ribbit. serum SAsn. "-th physiol, X&C
29 Auo 56 13 Feb5 7 29 *ua5L 1 e eb57

-~0 10- 5 -4 6 1-5 -7  10-5. 7 0-4
6 k-6.0, W-5-45 10-5-96 1-o

w-5.2  16-5.2 Tn4 47 10-5.2
50 15

I. 5
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2 Table 5. Influence of a teper4tare of /20C on the dilution series of
a virus•-wuse bo-.n suspension prepare4 with 1khysiologlcal saline.
4 ide n•¢al tests. 4 animals per dilution. O.O4 ml i.e.

,. lute Time in hours

o 8 24 50
22 .,ug 5 1o-4.95 5o-5.2 14-4-95
5 Sup 56 1o-6•03 -4  10-5.3

21 j.ec 56 i0"4'53 1O 470.15 Ji~n 1? ,-4"96 10-4-54 10-3.87

Table 6. Iifluence of the refrigerator temperature (about /2 0C) on the
dilution siers o. a mouse brain suspension emulsified with physiological
siline in the prezence of ai'fferent diluting &Zents. Two Analyses.
4 aniuiul ?er Uilution. 0.04 ml i.c.

Tima in Physiol iýaCl "aCCl/10Zrab.serUm Phosphate buf.Ph.buf~lorab.ser.
hours 29 Aug 56 11 Jan 57 29Aug56 13Feb57 203ep56 26Sep56 20Sep56 26Sep56

o 10•-4.j 10-4.2 1-5:. 1-4.93 1o-5. o-2. 10-5.4 53
6 10-•5 0-4 37  0-5 7 1-5.92 JX5. 3 4 10-5.2 10-5-87 lo-5*37

24j 10 5O08 1040 jL6- 10-5-03 1or5-4 10-4.86 10-6.47 10-6-9
50 10-2.7 2!0- 5 "4 8 10-4.45 i-5.13

Table 7. Suspension prepared with rabbit serum in a dilution series

(physiol. saline / lCf rabbit serum) at refrigerator temperature. 'Nv
analyses. 4 •nim-ls per dilution. 0.04 ml i.e.

Time in hours Physiol. NaCi and 1 rabbit serum
29 Aug 56 U Jan 57

01C0-5-48 10"5.26
10-5.83 101-67

2410--593 1.0 .95
so lo-4•7

Table 8. '.ouse br~in suspension prepared with rabbit serum in dilution
series in the jwesenoe of differtet diluting agents, exposed to 370 C.
6 cico per dilution. 0.03 ml L.e.

"'ime, Al~uted w/phys. D)iluted v/phys. Iiiluted w/ physiol.
in -hours &,ClA.rsb.serum NaGI0,t rab. sewum. &Cl withotA rib. oar.

Control serum Ko conrol serum

610.0o- 5[O 10-5.96 (5.661) 10-4.6

4 -5.16 z0-5.06 (5.66-) 1-3.
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